AD-A301 041 CALIFORNIA UNIV BERKELEY OPERATIONS RESEARCH CENTER F/6 5/10
FORMAL VERSUS SITUATIONAL- MODELS OF EXPERT DECISION~MAKING.(U)
APR 81 S E DREYFUS» H L DREYFUS F&9620-79-C=0063
UNCLASSIFIED AFOSR-TR-81-0539 NL

[
‘= 78




!y

j AEOSRJTR—81 -0539

| EVEL ﬂ /

; o U FormaL vERsUS SITUATIONAL MODELS OF EXPERT DECISION-MAKING |
l &
Lo -\ STUART E. DREYFUS . o
= JO | huser L-JoREYFUS g e
" v ’ . L ’
— : e -
T, UNIVERSITY OF CALIFORNIA/BERKLEY
a OPERATIONS RESEARCH CENTER
= BERKELEY AFB, CA 94720
o APRI-1981 ‘i
.‘ \
AN
. -\“ . . . R v
j( ! - FOR:
AIR FORCE OFFICE OF SCIENTIFIC RESEARCH
BOLLING AIR FORCE BASE, OC
. /i'. —// /
:—'%___ ¢
‘v’ i o ’ Il ’ I ‘ ’
-~ 150F
= I
(]
Ll
=
-

JOSTR



AIR PORCE QFFICE or SCIEZNTIRIC RESEARCH {AFSC}
NOTICE OF TRANSHITTAL T0 pue
This techaics) Fepert has boen rveviewed apd 1>

approved for public release lAW
Distridutien ts uslimited,

« D. BLOSE -
Techntcal Ioformation QOfficer

AFR 190-12 (7b).

Eink




CIASSLELED

SEC/RITY CLASSIFICATION ~F THIS PAGE (When Date Fntered)

r REPOR. DOCUMENTATION PAGE BER D TR o ORM

1. REPORYT NUMBER 2. GOVT ACCESSION NO.J 3. RECIPIENT'S CATALOG NUMBER

AFOSR-TR- 81 -0539 |y Ajof oys

4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
FORMAL VERSUS SITUATIONAL MODELS OF EXPERT Final
DECISION-MAKING 6. PERFORMING ORG. REPORT NUMBER
7. AUTHOR(S) 8. CONTRACT OR GRANYT NUMBER(a)
Stuart E. Dreyfus ' F49620-79-C-00632
Huber L. Dreyfus
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. ::giR&‘wOERLKE:J‘EINTT.NpURMOBJEEgST' TASK
University of California 61102F
Operations Research Center
Berkeley AFB, CA 94720 2313/A2
11, CONTROLLING OFFICE NAME AND ADORESS 12. REP(?RT DATE
Air Force Office of Scientific Research/NL April 1981
Boliing AFB, DC 20332 ‘3'S;MBE"°‘°‘°ES

T4, MONITORING AGENCY NAME & ADORESS(if different from Controlling Office) 15, SECURITY CLASS. (of this report)

unclassified

15a. DECLASSIFICATION DOWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if dilferent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side il necezsary and identify by block number)

Skill acquisition, expert performance, expert decision-making.

0 ABSTRACT (Continue on reverse side If necessary and identify hy block number)

After studying the skill acquisition process of pilots, automobile drivers, -
nurses, chess players, musicians, foreign language learners, and business iﬁﬂﬁ'
managers, we have constructed a five-stage model describing the development v
of their skills. Briefly, performers at the first stage of development pr—
(novices) learn to context-free features and to use strict rules to deter-
mine actions. As they accumulate enough experience to become advanced
beginners, perfcrmers identify, and relate by rule, features of the situation - pa
DD |, 5n"7, 1473 B
UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

R W~ C S e T v LT —mery Yy G T ® ey - - - — — - ——

coe -




[ S—
\FCUR(TV ,’JL&;FICATION OF THIS PAGE(When Dats Entered)
J 4 :

which are no longer concex-frge but are recogrized as similar to previously
€xperienced features. At both of these stages, theg:performer treats.all feature
as equally important. At the third level of skill, competence, the'performer '
learns to organize a situation by consciously choosing a goal. The choice of
a goal entails that different features have different degress of importance,
thereby establishing a perspective. Decisions are chosen which further goals.
After yet more experience with many concrete situation, a very important
transformation occurs. On the basis of expectations and immediately preceding
experience, whole situations present themselves to a proficient performer with
only their salient features manifest. No longer does the performer consciously
select a perspective from among alternatives. The performer chooses an action
on the basis of rules operation over salient features of the manifest per-
spect. Finally, the expert performer has somehow stored such a wealth of
experience that the appropriate action simply springs to mind..<Ihe expert

can further enchance his performance by abandoning his evaluating an garning
capacities in favor of total involvement in experiencing and reacting. Most
models, including one by Perceptronics developed for the Air Force, treat all
variables as equally important, thereby modeling performance at, at best, the
advanced beginner level. Contrary to the prevailing dogma that skill acquisi-
tion moves from concrete situation recognition to the internalizetion of
increasingly subtle and abstract rules, our research indicates that, in fact,

| the process moves in precisely the contrary direction. Novice behavior is
inflexible and rule-like, whereas expert performance is flexibly responsive

to the situation.
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I. Research Results

After studying the skill acquisition processcs of pilots,
automobile drivers, nurses, chess players, musicians, foreign
language learners, and business managers, we have constructed a
five~-stage model describing the development of their skills.
This model is described in detail in its final form in Reference
[1]. References [2] and [3] contain earlier versions of this model
as it was being developed. Briefly, performers at the first stage
of development (novices) learn to identify context-free features and
to use strict rules to determine actions. As they accumulate
enough experience to become advanced beginners, performers identify,
and relate by rule, features of the situation which are no longer
context~free but are recognized as similar to previously experienced
features. At both of these stages, the performer treats all features
as equally important. At the third level of skill, competence, the
performer learns to organize a situation by consciously choosing a
goal. The choice of a goal entails that different features have dif-
ferent degrees of importance, thereby establishing a perspective. De-
cisions are chosen which further goals. After yet more experiencg wiﬁh

many concrete situation, a very important transformation-occurs. On
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the basis of expectations and immediately preceding experiéﬁcéé; whole

situations present themselves to a proficient performer with only their
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salient features manifest. No longer does the performer consciously

r select a perspective from among alternatives. The performer chooses
an action on the basis of rules operating over salient features of
the manifest perspective. Finally, the expert perforner has somehow
stored such a wealth of experience that the appropriate action simply
springs to mind.

In Reference [4] we describe how the expert can further enhance
his performance by abandoning his evaluating and learning capacities
in favor of total involvement in experiencing and reacting.

It was noted in Reference [5] that most models, including one
by Perceptronics developed for the Air Force, treat .11 variables
as equally important, thereby modeling performance at, at best,
the advanced beginner level.

Contrary to the prevailing dogma that skill acquisition moves
from concrete situation recognition to the internalization of

increasingly subtle and abstract rules, our research indicates

that, in fac%t, the process moves in precisely the contrary direc-
tion. ©Novice behavior is inflexible and rule-like, whereas expert

pexrformance is flexibly responsive to the concrete situation.
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II. Training Implications

The obvious training implicotion of this rive-stage model is
that instructors should identify the level of proficiency of thair
students so that their interventions help treainces move to the rext
stage. Instruction in terms of context-froee rules and principles,
no matter how subtle, invites regression and in no way promotes
progress through the developmental stages. The novice should be
taught to identify situationally dependent features; the advanced
beginner, to choose perspectives and saliences; the competent
performer, to remain involved in the evolving situation thereby
allowing saliences to present themselvos to him; and the proficient
performer, to trust his spontaneous responses without feeling com-
peled to justify them analytically. If the expert can be taught any-
thing, it is that, in emergencies, he should become totally absorbed
in the situation without self-consciously monitoring and evaluating
his performance. Furthermore, expert confidence is undetermined to

no advantage if he is made to feel that he ought to be able to

explain by analytical principle why he does what he does.

Our research suggests that, to facilitate training at all
levels of skill beyond novice, situational realism and subject in-
volvement are essential for the mental processing and storage which

converts concrete experience intc available skills,




III. Recommended Further Research

While we now have a general theory, one further step is needed
before these ideas can be embodied in actual training manuals.
Trained observers of the skill acquisition process must acquire
expertise in each particular skill that is to be taught. Using
our model as an hypothesis to direct their attention, they should
note what type of experiences and instructions help bring about
transition from each lower to each higher stage. Manuals should
clearly indicate the level of skill assumed, and the level to be
taught.

Reference [6] by Sudnow is an example of the sort of careful
self-observation we propose, applied to the acquisition of jazz
improvisation skills. Based upon his observations, Sudnow is
currently developing a completely novel jazz-piano instructional
manual.

In addition to the above implementational recommendation, an
experimental program can be envisioned to verify each step of
our skill acquisition model. Because the level of chess skill
is objectively identifiable and chess games can be played under
laboratory conditions without degrading the skill, the acquisition
of chess-playing skill seems ideally suited for such an undertaking.
For example, using chess players, the crucial conclusion that top
level performers respond immediately to concrete situations, whereas
less proficient performers must have recourse to analytical calcula-
tions to determine their actions, could be tested as follows:
Players of clearly expert quality (international masters) could

play a series of games among themselves at both normal tournament
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speed (which would allow time for complex analytical calculation)
and at blitz speed (which demands immediate intuitive responses).
Middle rank players (experts) and amateur players (Class B) could
do likewise. If the level of performance of international masters,
as evaluated by even stronger (grandmaster) players, deqgraded
significantly less, when time pressure prohibits calculation, than
the performance of the less skilled players, one would have evidence
that analytical calculation is essential to low level skilled
performance but plays no essential role in expertise.

Experiments could also be devised to test whether middle level
performers think in terms of perspectives and see features as
salient, and whether advanced beginners are more able to identify

situational features than rank novices. These experiments could take

the form of showing various levels of players realistic chess

positions and determining whether what a player picks out in des-

cribing situations corresponds with what one would expect given the

model and the player's official rank. The AMICAE Project, a con-

sortium of nurses studying the development and evaluation of nursing ¥
skills, has begun this sort of program. Nurses of various levels

of skill are interviewed concerning real hospital experiences,
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and their responses concerning awareness of salient features,

guidance by goals, and spontaneity of action have been found to

conform with the predictions of our skill acquisition model.




(1]

(2]

(3]

[4]

[5]

[6]

REFERENCES

Dreyfus, S§. E., "Formal Models vs. Humoi Situational Under-
standing: Inhcrert Limitations ou the Modeling of
Business Expertisc," ORC 81-3, Operations Research
Center, University of California; nerkeley, pp. 14-2¢
(1981).

Dreyfus, S. E. and H. L. Dreyfus, "The Scope, Limits, and
Training Implicetions of Three Modols of Aireraft Pilot
Emergency Response Behavior," ORC 79-2, Operations
Research Center, University of California, Berkeley (1979).

Dreyfus, S. E. and H. L. Dreyfus, "A Five~Stage Model of the
Mental Activities Involved in Directed Skill Acquisition,"
ORC 80-2, Operations Research Center, University of
California, Berkeley (1980).

Dreyfus, H. L. and S. E. Dreyfus, "The Psychic Boom: Flying
Beyond the Thought Barrier," ORC 79-3, Operations Research
Center, University of California, Berkeley (1979).

Dreyfus, H. L. and S. E. Dreyfus, "Proficient Adaptable
Response to Emergencies Caused by Identifiable Malfunc-
tions: Contrasting Training Implications of Two Proposecd
Models," ORC 80-3, Operations Research Center, University
of California, Berkeley (1980).

Sudnow, D., WAYS OF THE HAND, THE ORGANIZATION OF IMPROVISED
CONDUCT, Harvard University Press, Cambridge, Mass., 1978.




The following Opcrations Research Center reports were credited
to the Air Force Office of Scientific Research (AFSC) under
Contract: F49620-79-C-0063

Dreyfus, S. E. ard H. L. Dreyfus, "The Scope, Limite, and
Training Implications of Threc Models of Aircraft Pilot
Emergency Response Behavior," ORC 79-2 (February 1979).

Dreyfus, H. L. and S. E. Dreyfus, "The Psychic Boom: Flying
Beyond the Thought Barrier," ORC 79-3 (March 1979).

Dreyfus, S. E. and H, L. Dreyfus, "A Five-Stage Model of the
Mental Activities Involved in Directed Skill Acquisition,"
ORC 80-2 (February 1980).

Dreyfus, H. L. and S. E. Dreyfus, "Proficient Adaptable Response
to Emergencies Caused by Identifiable Malfunctions:
Contrasting Training Implications of Two Proposed Models,"
ORC 80-3 (February 1980).

Dreyfus, S. E., "Formal Models vs. Human Situational Understanding:
Inherent Limitations on the Modeling of Business Expertisec,"”
ORC 81-3 (February 1981).







